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DRAM MEMORY WITH A SHARED SENSE AMPLIFIER STRUCTURE 
BACKGROUND 
Field of the Invention 

[0001] The present invention relates to a semiconductor memory. In particular, it 

relates to a RAM memory with a shared SA structure, in which sense amplifiers 
which are arranged in SA strips between adjacent cell blocks. 
Background Information 

[0002] DRAM semiconductor memories are configured as arrays, in which rows 

correspond to word lines and columns correspond to bit lines. During memory 
access, a word line is activated in an initial operation, such that memory cells 
arranged in an activated row are electrically connected to a bit line. The bit line leads 
to a sense amplifier (SA), which detects and amplifies the cell signal transmitted via 
the bit line. An amplified signal is written back to the cell or it can be read out 
extemally. 

[0003] In order to achieve an arrangement of the cell array that is as compact as 

possible, it is desirable to construct bit lines to be as long as possible. However, this 
unfortunately leads to a reduction of the signal to be detected by the sense amplifier. 

[0004] The accompanying Figure 1 illustrates a known division of a memory cell 

array in a DRAM into individual blocks 1, 2, 3, and 4. The sense amplifiers are 
situated in so-called "SA strips" 11,12, and 13 located between two adjacent cell 
blocks. In order to save space, a sense amplifier lying in an SA strip, for example 12, 
between two adjacent cell blocks 2 and 3, is used jointly either for bit line (BL) 5 
coming fi-om the left-hand cell block 2 or for bit line 6, coming fi-om right-hand cell 
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block 3. When communicating to sense amp 12, either bit line 5 or bit line 6 is 
connected to an activated word line WL. For simplification, Figure 1 shows only a 
single word line 9 in cell array 3. This arrangement is generally referred to as a 
"shared SA structure". 

[0005] Figure 2 illustrates further details of such a known shared SA structure, in 

which a sense amplifier SA is provided jointly for two bit lines 5 and 6 coming from 
a left-hand and right-hand cell block 2 and 3. It should be noted here that information 
signals traveling from and to the memory cells are passed in the form of differential 
signals on complementary bit lines BLT and BLC, Such complementary bit lines are 
referred to as a bit line pair. For simplification, the illustration of a memory cell 
attached to the bit line pair shows only a storage capacitor 10 and an associated 
selection transistor T. Selection transistor T is activated by a word line signal WL via 
word line 9. Each bit line pair that is allocated to a common sense amplifier is 
provided with isolation and connection switches S5 and S6, the switching states of 
which are set by connection control signal ISO left, via a first line 21, and ISO right 
via a second line 22, respectively. 

[0006] European Patent No. EP 0 892 409 A2 describes a semiconductor memory (cf 

Figure 10 of the patent, enclosed herein and labeled as Figure 3), in which four bit 
line pairs from two adjacent cell blocks can be connected to each sense amplifier (for 
example SAO, SAl, A2). The description with regard to Figure 3 from the patent 
reveals that the bit line pairs that can be connected from a cell block to the respective 
sense amplifier, as far as the content of the memory cells is concemed, are not 
independent bit line pairs. Instead, each bit line and each complementary bit line, at 
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the intermediate grounding point of a submatrix, is subdivided into two bit lines 
toward the right and two bit hnes toward the left. Thus, for example, left-hand side 
bit line pair BLOl and BLOl; complementary can be connected to sense amplifier 
SAO and right-hand side bit line pair BLOR and BLOR; complementary can likewise 
be connected to sense amplifier SAO by means of a line pair MLO, MLO; 
complementary routed in a connection layer lying above the bit lines. This concept is 
referred to as an "extended bit line system" in the document. Moreover, 128 sense 
amplifiers are used for, for example, 256 bit line pairs of a submatrix in each sense 
amplifier block. 
[0007] SUMMARY 

[0008] In embodiments of the present invention, the number of sense amplifiers 

required in total in a RAM memory is reduced still fiirther, and a corresponding 
reduction of area in the integration of the sense amplifiers in the SA strip occurs. 

[0009] An exemplary embodiment of the present invention is characterized by an 

arrangement of sense amplifiers, wherein a sense amplifier is arranged jointly for four 
bit line pairs of two adjacent cell blocks, so that it is possible for each of the bit line 
pairs assigned to a respective sense amplifier to be connected to a different memory 
cell in the respective cell block by means of word line signals fed via a common word 
line. 

[0010] A RAM memory is disclosed that comprises a shared SA structure that 

includes a plurality of S A strips, such that each strip is arranged between two memory 
cell blocks. Sense amplifiers (SA) within each strip are each coupled to four bit line 
pairs, two in each memory cell block, by use of a connection control signal operating 
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on an isolation transistor pair for the purposes of connecting the SA to the bit Une pair 
associated with the isolation transistor pair. Each bit line pair, in turn, is coupled to a 
memory cell in one of the two memory blocks through a word line signal sent along a 
word line connected to the memory cell. The word line is additionally coupled to a 
second memory cell associated with the second bit line pair of the memory cell block 
that is coupled to the SA. In the above manner, each of four memory cells, two of 
each located in each memory cell block, are accessible to the common SA. 
[001 1] In the case of a RAM memory constructed with the above features, not only 

the number of sense amplifiers but also the number of physical word lines is reduced 
by half 

[0012] The above and further advantageous features will become even clearer in the 

following description which explains an exemplary embodiment of a RAM memory 
according to the invention, if this description is read in relation to the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] Figure 1 schematically depicts a memory cell array of a DRAM 

semiconductor memory divided into individual cell blocks with S A strips lying in 
between. 

[0014] Figure 2 illustrates details of a shared SA structure of a DRAM semiconductor 

memory in accordance with Figure 1, in which memory a sense amplifier is utilized 
jointly by two bit line pairs of two adjacent cell blocks. 

[001 5] Figure 3 depicts a known extended bit line system memory. 



[0016] Figure 4 schematically depicts an exemplary embodiment of a RAM memory 

in accordance with an embodiment of the present invention, including a shared S A 
structure in which a sense amplifier is utilized jointly by four bit line pairs. 
DETAILED DESCMPTION OF THE PREFERRED EMBODIMENTS 

[00 1 7] The following list of symbols is used consistently throughout the text and 

drawings. 

[00 1 8] List of reference symbols 



1 - 4 Cell blocks 

5 - 7, 51, 52, 61, 62 Bit line pairs 

9 Word line 

10, 101, 102 Memory cell 

21, 22 Connection control signal line 

S5, S6 Switch pairs 

T, Ti , T2 Selection transistor 

T5 1 , T52, T6 1 , T62 Isolation transistor pairs 

SA Sense amplifier 

SE Control device 

BLT Bit line true 

BLC Bit line complementary 

WL Word line 



[0019] The following description relates to a memory architecture that, among other 

advantages, achieves a more compact design. In an embodiment of the present 
invention, a memory is characterized by an increased amount of bit line pairs 
connected to a common sense amplifier. 

[0020] As one exemplary manner of accomplishing this, a pair of memory cells 

located in the same cell block and assigned to the same SA, share a conmion word 
line. The word line is in communication with a first and a second bit line pair using a 
first and a second selection transistor, respectively. The latter devices are configured 
in such a way that a word line signal at a first level on the common word line 
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connects (selects) a first of two memory cells associated with the bit line pair, and 
isolates a second memory cell from its associated bit line pair, while a word line 
signal at a second, different level isolates the first memory cell fi"om its associated bit 
line pair, and connects the second memory cell to its associated bit line pair. 
[002 1 ] The signals required for operating a RAM memory of this type are generated 

by a control device provided. In order to connect a bit line pair from the first and 
second bit line pair to the common sense amplifier during a connection interval (for 
example a read interval), the control device generates a word line signal and a 
connection control signal for the bit line pair either at a first level or at a second level, 
so that the connection control signal lies within the time interval of the word line 
signal. At the same time, the control device applies a center level to a connection 
control signal line leading to isolation transistor pairs that are associated with bit line 
pairs, residing in an adjacent cell block and assigned to the same sense amplifier. The 
center level results in deactivation of the connection control line of the adjacent cell 
block. 

[0022] Li an exemplary embodiment of the present invention, the signals required for 

operating the RAM memory are generated by a control device. Li order to connect a 
bit line pair from the first and second bit line pair to the common sense amplifier 
during a connection interval, the device generates a word line signal and a connection 
control signal for the bit line pair either at a first level or at a second level, wherein 
the connection control signal lies within the time interval of the word line signal. At 
the same time, the control device applies a center level to a connection control signal 
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line, leading to isolation transistor pairs associated with the bit line pairs which are 
assigned to the same sense amplifier. 

[0023] Preferably, a first selection transistor is a PMOS transistor, while a second 

selection transistor is an NMOS transistor, wherein the first level of the word line 
signal may be a low level and the second level a high level. 

[0024] Preferably a first pair and a second pair of isolation transistors are arranged 

for a first and second bit line pair, respectively, where the bit line pairs are assigned to 
the same sense amplifier and are located in the same cell block. A connection control 
signal at a first level, fed via a common connection control line, connects a first of the 
two bit line pairs to the common sense amplifier and isolates the second bit line pair 
firom said sense amplifier, while a connection control signal at a second level on the 
same connection control signal line isolates the first bit line pair fi'om the common 
sense amplifier and connects the second bit line pair to the common sense amplifier. 

[0025] Preferably, a first isolation transistor pair comprises PMOS transistors and a 

second isolation transistor pair comprises NMOS transistors, in which case the first 
level of the connection control signal is a low level and the second level of the 
connection control signal is a high level. 

[0026] Figure 4 shows an exemplary embodiment of the present invention, wherein a 

sense amplifier SA is utilized in a fourfold manner. A lower bit line pair 61 and an 
upper line pair 62 are situated in a cell block designated by 3. A memory cell 101, 
depicted as a storage capacitor, is located at the lower bit line pair. The memory cell 
is connected to lower bit line pair 61 via a PMOS selection transistor Tl after the 
activation of a word line 9 by means of a word line signal WL. Similarly, a different 
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memory cell 102 illustrated as a storage capacitance can be connected to upper bit 
line pair 62 by an NMOS selection transistor T2 that can be activated by the same 
word line 9. The isolation transistor pair T61 used for lower bit line pair 61 
comprises PMOS transistors, and isolation transistor pair T62 for upper bit line pair 
62 comprises NMOS transistors. Connection control signal line 22, which supplies a 
connection control signal ISO right, passes jointly to isolation transistor pairs T61 and 
T62. 

[0027] In a similar manner, in response to a connection control signal ISO left fed via 

a common line 21, two bit line pairs 51 and 52 from an adjacent left-hand cell block 
2, which also utilize S A 80, can be connected to S A 80 by an isolation transistor pair 
T51, comprising PMOS transistors, and an isolation transistor pair T52, comprising 
NMOS transistors, respectively. 

[0028] A control device SE 90 is provided in order to generate the word line signal 

WL on line 9 and the connection control signals on lines 21 and 22 with the correct 
level and the correct temporal sequence. 

[0029] The example below relates to a respective connection of memory cells 101 

and 102 to SA 80, which is utilized in a fomfold manner via bit line pairs 61 and 62 
from right-hand cell block 3. 

[0030] In the deactivated state, both the word line signal WL on word line 9 and the 

connection control signal ISO left of the connection control signal line 21 residing in 
left hand cell block 2, are at a center level. Additionally, connection control signal 
ISO right on connection control signal line 22, in right hand cell block 3, is at a center 
level. All transistors Tl, T2, T51, T52, T61 and T62 are then in an off state. With 
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the activation of the word line signal WL on the line 9, a selection is made between 
lower bit line pair 61 and upper bit line pair 62, here, by way of example, from right- 
hand cell block 3. For the activation of lower bit line pair 61 and selection of lower 
memory cell 101, the word line signal WL on word line 9 is switched to a low level. 
The connection control signal ISO right on line 22 is likewise switched to a low level. 
PMOS transistors Tl and T61 are thus in the on state, while NMOS transistors T2 and 
T62 remain turned off. For activation of upper bit line pair 62 and selection of upper 
memory cell 102, a signal on the word line 9 and the connection control signal ISO 
right on connection control signal line 22 are switched to a high level. NMOS 
transistors T2 and T62 are then in the on state, resulting in upper bit line pair 62 
becoming connected to sense amplifier SA, while PMOS transistors Tl and T61 of 
lower bit line pair 61 are turned off In both cases, the connection control signal ISO 
left on signal line 21 of left-hand cell block 2 remains at the center level, so that 
isolation transistor pairs T51 and T52 are tumed off 
[0031] For activation and selection of one of the two bit line pairs 51 and 52, and 

connection of the same to jointly utilized sense amplifier SA 80, a connection control 
signal ISO left and a word line signal on a word line (not shown in Figure 4) of the 
left-hand cell block are generated in a corresponding manner by control device SE 90, 
indicated as a block in Figure 4. Figure 4 only illustrates the components and signals 
which are of importance for an embodiment of the present invention which a RAM 
memory contains a sense amplifier SA utilized in a fourfold manner. Further 
components such as local data lines, equalize switches and so on are unimportant for 
this invention and are therefore not shown in Figure 4. 
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[0032] The foregoing disclosure of the preferred embodiments of the present 

invention has been presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the precise forms disclosed. 
Many variations and modifications of the embodiments described herein will be 
apparent to one of ordinary skill in the art in light of the above disclosure. The scope 
of the invention is to be defined only by the claims appended hereto, and by their 
equivalents. 

[0033] Further, in describing representative embodiments of the present invention, 

the specification may have presented the method and/or process of the present 
invention as a particular sequence of steps. However, to the extent that the method or 
process does not rely on the particular order of steps set forth herein, the method or 
process should not be limited to the particular sequence of steps described. As one of 
ordinary skill in the art would appreciate, other sequences of steps may be possible. 
Therefore, the particular order of the steps set forth in the specification should not be 
construed as limitations on the claims. Li addition, the claims directed to the method 
and/or process of the present invention should not be limited to the performance of 
their steps in the order written, and one skilled in the art can readily appreciate that 
the sequences may be varied and still remain within the spirit and scope of the present 
invention. 
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